During the past 15 years much progress has been made in learning how to seed depleted range and abandoned crop lands effectively. Many gaps remain in our knowledge, but as new facts and understanding are added the proportion of successful plantings may be expected to increase. One gap in knowledge, with which this paper is concerned, is the effect of seeding rate upon establishment and yield of range grasses.
Although recommendations are often made regarding the amount of seed of various species that should be planted per acre,' there is very little factual information as to what may be expected when more or less than this amount is planted. Most seeding rates have been determined through trial and error over a period of years. Since variations in stand establishment are so great between years, chiefly because of weather differences, a direct comparison of different seeding rates made in different years is of questionable value. It is generally believed that application of too little seed will result in failure, or at least in a delay in the development of a full stand (Reynolds and Springfield, 1953; Westover and Rogler, 1947) .
Some investigators have either stated or implied that a too heavy rate of seeding results in severe competition among young seedlings and may result in stand failure or decreased yields (Hull and Pearse, 1943; Nelson and Shepherd, 1940 ; Reynolds and Springfield, 1953; Westover and Rogler, 1947) .
In an attempt to clarify the effects of seeding rate upon establishment, survival and yield of one of the most widely used grasses for western range seeding, crested wheatgrass (Agropyron desertorum), a study was begun in 1945 on the Upper Snake River Plains of Idaho. The authors wish to acknowledge their debt to A. C. Hull, Jr., now with the Agricultural Research Service, Logan, Utah, who initiated this study.
Methods
The study was designed to test five rates of seeding crested wheatgrass-2, 4, 8, 12 and 24 pounds per acre. The 2-pound rate was considered to be very light and the 24-pound rate, extremely heavy. Generally accepted rates for drilling ranges in this locality are between 5 and 8 pounds per acre.
Plantings were made in October of 1945, 1946 and 1947 . Each year two series of five 8-x 33-foot plots were established, and the five different seeding rates assigned at random within each of the duplicated series. Prior to seeding each year, the selected areas were cultivated to remove all competing vegetation and then allowed to settle to provide a fairly firm seedbed. A gardentractor drill was used to plant the desired amount of seed in furrows $$-to l-inch deep with a s/4-to >$inch seed covering. A 12-inch row spacing was used throughout. No grazing was permitted during the period of study, and no attempt was made to prevent the natural invasion of weedy species.
Replications of this study were made at three fairly comparable areas on the Upper Snake River Plains: Clark, East Bonneville and West Bonneville. The Clark area is 74 approximately 5 miles north of Dubois, Idaho, and the East and West Bonneville areas are approximately 60 miles farther south, respectively east and west of Idaho Falls. All three sites are within the sagebrush-grass zone with an average annual precipitation of approximately 11 inches. In all, two plots of each rate were seeded at each of three separate sites in each of three consecutive years.
Stand establishment success was determined by numerical ratings from 0 to 10,' sample counts of number of plants per foot of drill row, and later by herbage production. Records of plot ratings and plant numbers were obtained for all 1945 plantings during the first three growing seasons, but records for the 1946 and 1947 plantings were less complete. Estimates of herbage yield were obtained at the end of the third growing season for only the 1945 plantings, and then only on the East and West Bonneville areas. In 1953 actual clippings were made to determine herbage yield on the 1945, 1946 and 1947 plantings at the Clark area, thus providing yield data after the eighth, seventh and sixth growing seasons, respectively.
Results
During the first growing season, the better grass stands occurred on plots seeded at the higher rates (Table 1) . At all rates the 1945 plantings were initially more successful than those in 1946 and 1947; during the first growing season, the 1945 plantings produced "good" to 'Lexcellent" stands, whereas the 1946 plantings ranged from "poor" to "good" and the 1947 plantings from "very poor" to "fair." Additional observations in subsequent years showed that differences in stand ratings became progressively smaller. During the second season the 2-pound seedings averaged a "fair" rating, and during the third growing season a "good" rating. The 24-pound seedings remained at the "good" to "excellent" level.
Numbers of plants per foot of drill row during the first growing season showed the same relations as stand ratings, but differences were more extreme ( Table 2 ). As might be expected, a progressively greater number of plants per foot was obtained with increases in seeding rate from 2 to 24 pounds per acre. During the second season, plant numbers decreased considerably in the heavier seedings, whereas they remained approximately the same in the 2-pound seedings. By the third growing season, number of plants in the 1945 planting had been reduced from an initial maximum of 15.7 per foot to 2.2, and reduction to approximately the same number of plants per foot had been made at all but the lowest seeding rate. Apparently 1.5 to 2 plants per linear foot at 12-inch row spacing is the optimum this range can support under existing climatic conditions. Greater numbers of seedlings initially present in the heavily seeded stands tended to decrease to this level, whereas stands with less than 1.5 plants per foot showed indications of increasing to the optimum level.
ferences in quantity of herbage after the stands were well established, there were slight differences iii herbage quality and fullness of drill rows. After 6 years, individual plants of the 2-and 4-pound seedings were generally larger and produced coarser herbage and more flower stalks than plants of the heavier seedings. Drill rows were no longer well defined in the lighter seedings because of volunteer plants between them, but the rows were still very distinct in the 8-, l2-and 24-pound seedings. Although there was initially a heavy invasion of cheatgrass (Bromus tectorum), Russian-thistle (SaZsoZa lcali tenuifolia) and mustards (Sisymbrium Herbage yield at the end of the third growing season tended to be higher on plots seeded at the heavier than at the lighter rates (Table  3 ), but differences were not statistically significant. By the sixth, seventh and eighth growing seasons, all tendency toward a positive correlation between rate of seeding and herbage yield had disappeared. Actually the differences in yield associated with year of planting were greater than those associated with seeding rate, but an analysis of variance indicated that none of the differences were significant. On these ungrazed areas, then, ultimate herbage production of crested wheatgrass was not influenced by seeding rates as low as 2 or as high as 24 pounds per acre.
Although there were no difspp.), particularly on plots seeded at the lower rates, these annual weeds were eventually excluded by crested wheatgrass. Invasion by native perennials was very slight on all plots regardless of seeding rate.
Summary and Conclusions
A study was begun in 1945 to determine the effects of seeding rate upon establishment, survival and yield of crested wheatgrass. Fall plantings were made at rates of 2, 4, 8, 12 and 24 pounds of seed per acre over a 3-year period at three locations on the Upper Snake River Plains.
Within the first 3 years after planting, the effect of seeding rate on stand establishment was very noticeable.
During this period
